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© A device for measuring relative displacement 
information of an object is disclosed. The device is 
provided with an illumination system (1) for forming 
an illumination light beam, a light beam splitting 
element (G1) for splitting the illumination light beam 
from the illumination system and arranged at a posi- 
ts tion opposite to the object (G2). a light beam mixing 
^ element (G3) for mixing reflected and diffracted light 
^ beams by the object of light beams split by the light 
beam splitting element and arranged at a position 
00 opposite to the object in the vicinity of the light 
^ beam splitting element, and a light-receiving element 
(3) for receiving a light beam mixed by the light 
CO beam mixing element, relative displacement informa- 
O tion of ,he ot) j ec t being detected based on the light 

received by the light-receiving element. 
M | Tn e illumination system is arranged to irradiate 

the light beam onto the light beam splitting element 
at an angle not perpendicular to the light beam 



splitting element, and/or said light-receiving element 
is arranged to receive the light beam from an angle 
not perpendicular to the light beam mixing element. 

FIG. U 
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BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to an optical dis- 
placement sensor which can precisely obtain the 
physical quantity of movement information such as 
the moving amount, displacement, or the like of an 
object by utilizing the fact that interference light 
beams are modulated by diffraction and interfer- 
ence which occur upon irradiation of light onto an 
object. 

Related Background Art 

As a conventional optical displacement sensor 
of this type, an optical encoder, a laser Doppler 
velocimeter, a laser interferometer, and the like are 
available. Although these sensors have high preci- 
sion and high resolution, a compact structure (on 
the order of mm), higher precision, higher resolu- 
tion, (on the order of 0.1 urn), and higher stability 
are required to attain application to a wider range 
of fields. If such a sensor has a size on the order of 
mm, it can be directly adhered to an object to be 
measured when it is used, and can be used for 
smaller devices. However, in this case, a mounting 
error easily occurs, and a countermeasure against 
such an error must be taken. 

In the field of a detection device of movement 
information utilizing light, the following prior arts are 
known as ones effective for achieving a compact 
structure. 

Figs. 1A and 1B are explanatory views of an 
optical encoder disclosed in Japanese Laid-Open 
Utility Model Application No. 1-180615. Referring to 
Figs. 1A and 1B, the principle of measurement of 
this optical encoder is as follows. That is, a light 
beam emitted from a light-emitting element 42 
passes through a hole 46A of a board 46. and is 
converted into a linear light beam array by a slit 
array 14. The linear light beam array is irradiated 
onto a grating on a scale 40. The grating 16 on the 
scale 40 is projected onto an index grating by the 
light beam reflected by a bottom surface 12. and 
the amount of light transmitted through the index 
grating and incident on a light-receiving element 48 
on the board 46 is modulated by geometric overlap 
between the two gratings. Based on this principle, 
the encoder can be rendered compact, but its 
resolution is limited. 

Figs. 2A and 2B are explanatory views of an 
optical encoder disclosed in Japanese Laid-Open 
Patent Application No. 62-121314, and show one 
effective improved arrangement for making a basic 
optical system of an encoder using three diffraction 
gratings (UK Patent Application GB 1474049 A, 
Leit2) compact. Referring to Figs. 2A and 2B, a 



light beam emitted from a light-emitting element 51 
is converted into a collimated ligJUbeam by a lens 
52, and is irradiated onto a grating GK(A) on an 
index scale A. The irradiated light beam is dif- 

5 fracted by the grating GK(A) and generates light 
beams in three different exit directions. 

These light beams are diffracted by a grating 
GK(B) on a scale B. are phase-modulated by rela- 
tive movement, and the modulated light beams 

w return to the grating GK(A) on the index scale A. 
Upon diffraction by the grating on the index scale, 
the three pairs of interference light beams are 
incident on light-receiving elements arranged in 
different directions. With this arrangement, both a 

75 compact structure and high resolution are compati- 
ble. 

Fig. 3 is an explanatory view of an optical 
encoder disclosed in Japanese Laid-Open Patent 
Application No. 3-279812, and shows an example 

20 which is effective for simultaneously attaining high 
precision and a simple compact structure. The 
encoder shown in Fig. 3 includes a light-emitting 
element 61. a lens 62. diffraction gratings 63 and 
64, and light-receiving elements 65a and 65b. 

25 In the encoders of the above-mentioned prior 

arts, the optical path of light emitted from a light- 
emitting source is split into two or more, and inter- 
ference light of the split beams is received. At this 
time, since a light beam perpendicularly incident 

30 on a split grating is used, and light beams almost 
perpendicularly emerging from a grating for mixing 
light beams are used as interference light, dif- 
fracted light beams which emerge to the right and 
left sides of the sensor tend to become stray light 

35 beams. In addition, since the above-mentioned ar- 
rangement requires a predetermined space be- 
tween the light source side and the sensor side, a 
compact structure is difficult to achieve as a whole. 
Therefore, it is difficult to constitute a displacement 

40 sensor which has a further compact structure and 
higher resolution. 

SUMMARY OF THE INVENTION 

45 The present invention has been made in con- 

sideration of the above-mentioned prior arts, and 
has as its first object to provide an optica! displace- 
ment sensor which can achieve a further compact 
structure and higher precision. 

so Other objects of the present invention will be- 

come apparent from the following description of the 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Figs. 1A and 1B are schematic views showing 
principal part of a conventional optical encoder; 
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Figs. 2A and 2B are schematic views showing 
principal part of another conventional optical en- 
coder: 

Fig. 3 is a schematic view showing principal part 
of still another conventional optical encoder; 5 
Fig. 4 is a perspective view showing principal 
part of the first embodiment of the present in- 
vention: 

Figs. 5A and 5B are schematic views showing 
principal part of the first embodiment of the io 
present invention; 

Fig. 6 is an explanatory view showing the direc- 
tion of an azimuth angle in an optical encoder; 
Fig. 7 is an explanatory view showing a state 
wherein interference fringes are generated when ;s 
a mounting error occurs between the azimuth 
angles of a head unit and a scale unit in an 
optical encoder; 

Fig. 8 is an explanatory view showing the direc- 
tion of a rotation angle in an optical encoder; 20 
Fig. 9 is an explanatory view showing a state 
wherein interference fringes are generated when 
a mounting error occurs between the rotation 
angles of a head unit and a scale unit in an 
optical encoder; 25 
Figs. 10A and 10B are explanatory views show- 
ing the relationship among the angle difference 
between two interference light beams, the azi- 
muth angle, and (wavelength/grating pitch) when 
a mounting error occurs between the azimuth 30 
angles of the head unit and the scale unit; 
Figs. 11A and 1 1 B are explanatory views show- 
ing the relationship among the angle difference 
between two interference light beams, the azi- 
muth angle, and (wavelength/grating pitch) when 35 
a mounting error occurs between the rotation 
angles of the head unit and the scale unit; 
Figs. 12A and 12B are explanatory views show- 
ing the relationship among the crossing point 
between two interference light beams, the azi- 40 
muth angle, and {wavelength/grating pitch) when 
a mounting error occurs between the azimuth 
angles of the head unit and the scale unit; 
Figs. 13A and 13B are explanatory views show- 
ing the relationship among the crossing point 45 
between two interference light beams, the azi- 
muth angle, and (wavelength/grating pitch) when 
a mounting error occurs between the rotation 
angles of the head unit and the scale unit; 
Fig. 14 is a perspective view showing principal 50 
part of the second embodiment of the present 
invention; 

Figs. 15A and 15B are schematic views showing 
principal part of the second embodiment of the 
present invention: 55 
Figs. 16A and 16B are schematic views showing 
principal part of the third embodiment of the 
present invention; 



Figs. 17A and 17B are schematic views showing 
principal part of the fourth* embodiment of the 
present invention; and 

Figs. 18A and 18B are schematic views showing 
principal pan of the fifth embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 4 is an optical path perspective view show- 
ing the first embodiment of an optical displacement 
sensor according to the present invention, and 
Figs. 5A and 5B are respectively a plan view (Fig. 
5A) and a side view (Fig. 5B) showing the optical 
path of the first embodiment. Referring to Fig. 4 
and Figs. 5A and 5B, the sensor includes a head 
unit H, a light-emitting element 1. a light-receiving 
element 3, and a first diffraction grating G1. The 
first diffraction grating G1 splits a light beam emit- 
ted from the light-emitting element 1. A second 
diffraction grating G2 serves as a scale for phase- 
modulating a plurality of light beams split by the 
first diffraction grating G1. A third diffraction grating 
G3 mixes a plurality of diffracted light beams of 
predetermined orders from the second diffraction 
grating. A cylindrical lens 4 as an optical element 
condenses the light beam from the light-emitting 
element 1 in only the grating line direction of the 
first diffraction grating G1. 

The light-emitting element 1 , the optical ele- 
ment 4, and the first diffraction grating G1 con- 
stitute one element of light projection means, the 
second diffraction grating G2 constitutes one ele- 
ment of modulation means, and the third diffraction 
grating G3 and the light-receiving element 3 con- 
stitute one element of light-receiving means. Note 
that the light projection means and the light-receiv- 
ing means constitute one element of the head unit 
H. 

The principle of measurement of relative dis- 
placement information between the second and 
third diffraction gratings G2 and G3 will be ex- 
plained below. A divergent light beam emitted from 
the light-emitting element 1 is converted by the 
cylindrical lens 4 into a wave surface state in that 
the light beam is convergent in the grating line 
direction (Y-direction) of the first diffraction grating 
G1 by the cylindrical lens 4, and is divergent from 
the light source in the split direction of light beams, 
i.e.. the grating arrangement direction (X-direction) 
of the first diffraction grating G1. The converted 
light beam is transmission-diffracted at point 01 on 
the first diffraction grating G1 to be split into three 
light beams, i.e.. a Oth-order diffracted light beam 
Ro, a -Mst-order diffracted light beam R., f and a 
-ist-order diffracted light beam R-,. and these 
light beams emerge from the first diffraction grating 
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G1. 

In this embodiment, of these light beams, only 
the Oth- and -ist-order diffracted light beams R 0 
and R-i are utilized. 

In this embodiment, the light beam from the 
light-emitting element 1 is incident on the first 
diffraction grating G1 at the same angle as the 
diffraction angle of an nth-order (-ist-order) dif- 
fracted light beam from the first diffraction grating 
(i.e.. an angle defined with the Oth-order diffracted 
light beam) as an incident angle. 

The light beam R 0 which is transmitted straight 
through the first diffraction grating G1 is condensed 
at position C near the second diffraction grating G2 
in the grating line direction of the first diffraction 
grating G1. and is reflected and diffracted at point 
P2 on the second diffraction grating G2. The dif- 
fracted light beam is split into a +lst-order dif- 
fracted light beam Ro + i and a -ist-order diffracted 
light beam Ro-i, and these light beam are phase- 
modulated. 

In this embodiment, of these light beams, only 
the -ist-order diffracted light beam R 0 -i is utilized. 
The phase of the -ist-order diffracted light beam 
Ro-i is shifted by -2ttAx/P. Note that Ax is the 
moving amount, in the X-direction, of the second 
diffraction grating G2. and P is the pitch of the 
second diffraction grating G2. 

The -ist-order diffracted light beam R 0 -i is 
transmission-diffracted by the third diffraction grat- 
ing G3, and is split into a Oth-order diffracted light 
beam Ro-io, a + 1st-order diffracted light beam 
Ro-i*i, and other light beams. Of these light 
beams, the +1st-order diffracted light beam 
Ro-wi is output from the diffraction grating sur- 
face in the ist-order diffraction direction, and the 
phase of its wave surface is -2ttAx/P. 

The light beam R-,, which is -1st-order-dif- 
fracted by the first diffraction grating G1 in a direc- 
tion perpendicular thereto, is reflection-diffracted at 
point P1 on the second diffraction grating G2, and 
is split into a + lst-order diffracted light beam 
R-ti, a -1st order diffracted light beam R-i-i, 
and other light beams. These light beams are 
phase-modulated. Of these light beams, only the 
+ lst-order diffracted light beam R-i*, is utilized. 
The phase of the + 1 st-order diffracted light beam 
R-i*i is shifted by + 2-n Ax/P. The + ist-order dif- 
fracted light beam R-i*i is condensed in the grat- 
ing line direction of the first diffraction grating Gl at 
the position C near the second diffraction grating 
G2, and is then incident on the third diffraction 
grating G3. Of the light beams diffracted by the 
third diffraction grating G3. a Oth-order diffracted 
light beam R_ 1<MCt which is transmitted straight 
through the third diffraction grating G3, is utilized. 
The phase of this wave surface is + 2ttAx/P. 



w 



15 



20 



25 



30 



35 



40 



45 



In this embodiment, the respective elements 
are set so that the light beam_Bo-i*i emerges 
from the third diffraction grating G3 at an exit angle 
which is equal to the diffraction angle of an nth- 
order diffracted light beam by the first diffraction 
grating G1 of the light beam from the light-emitting 
element i. 

The light beams R-i* 10 and Ro-i*i whose 
optical paths are caused to overlap each other by 
the third diffraction grating G3 are incident on the 
light-receiving element 3 as interference light. The 
interference phase at this time is: 

{ + 2ttAx/P} - {-2* Ax/P} = 4ttAx/P 

Thus, when the second diffraction grating G2 as a 
scale deviates by a P/2 pitch in the grating ar- 
rangement direction, a bright and dark signal for 
one period is generated. 

The relationship among mounting error angles 
<t> and 7>. the angle difference e between two inter- 
ference light beams, and (the wavelength x of 
light)/(the diffraction grating pitch P) will be ex- 
plained below. 

Referring to Fig. 4. if the vector of a ray of 
light, which is transmitted through the cylindrical 
lens 4 and perpendicularly incident on the first 
diffraction grating G1, of light emitted by the light- 
emitting element is represented by u 0 (u 0x . u 0y . 
u 02 ). and m is the order of diffraction, a directional 
vector ui (u 1x , u 1y , u l2 ) of mth-order light, which is 
transmission-diffracted by the first diffraction grat- 
ing Gl, is known to satisfy the following relations 
(Px and Py are respectively the pitches, in the x- 
and y-directions, of the diffraction grating, and the 
diffraction grating is present in the x-y plane): 



U lx = u ox + ^/ Px 
u iy = u o y + mX/Py 



(1) 



oy 



Uov + Uo z = 1 



u 



12 



= 1 



Based on this relationship, the angle difference 
$ between the two light beams R- 1 ♦ i o and R 0 -im, 
so which are transmission-diffracted by the third dif- 
fraction grating G3 and interfere with each other, is: 
(for VP = s) ) 

6 = Cos~ n [(2s) 2 (Cos») .i) + i] 
55 6 = -<*> - Sin-^s + Sin[<» - Sin-^s)]} + Sin~-{s + 
Sin[$ - Sin-^s - Sin*))} 

If e and <t> are assumed to be minute angles. 
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approximations up to the second order are: 

6 = 2st> (f>: azimuth angle) (2) 
e = s«> 2 /[(1 - s 2 )" 2 ] (<*>: rotation angle) (3) 

When a mounting error (azimuth angle »j) 
shown in Fig. 6 is given, the angle difference e 
between the interference two light beams R-w:c 
and Ro-i*i is generated in the y-z plane in Fig. 4 
(see Fig. 7). On the other hand, when a mounting 
error (rotation angle <t>) shown in Fig. 8 is given, the 
angle difference e is generated in the x-z plane in 
Fig. 4 (see Fig. 9). Figs. 10A and 11A show this 
relationship. If X = 0.78 urn and P = 1.6 urn, the 
relationships shown in Figs. 10B and 11B are ob- 
tained. 

Then, the position C of the crossing point, 
viewed from the sensor, between the interference 
two light beams R-i-mo and Ro-1+1. when the 
second diffraction grating G2 suffers a mounting 
error, is calculated. Upon evaluation using the 
above-mentioned relationships (1) to (3), and an 
optical path length L3 from the second diffraction 
grating 62 to the third diffraction grating G3 (see 
Figs. 5A and 5B) as a unit length, the crossing 
point C when the second diffraction grating G2 
suffers the azimuth angle jj shown in Fig. 6 is as 
shown in Fig. 12A; the crossing point C when the 
second diffraction grating G2 suffers the rotation 
angle $ shown in Figs. 11 A and 11B is as shown in 
Fig. 13A. Note that the sign of the crossing point C 
is defined to be minus in the direction of the 
sensor and plus in the direction of the second 
diffraction grating G2 to have the third diffraction 
grating G3 as an origin. 

More specifically, when the second diffraction 
grating G2 suffers the azimuth angle tj, the interfer- 
ence two light beams are separated in the grating 
line direction of the third diffraction grating, and 
cross each other in the vicinity of the second 
diffraction grating when they are viewed from the 
sensor surface in the direction of the third diffrac- 
tion grating G3. The crossing point C is a position 
corresponding to (L1 + L2)/2 where L1 and L2 are 
the optical path lengths from the second diffraction 
grating to the third diffraction grating of the two 
split light beams R-i^ 0 and R 0 -i *i . 

In Figs. 5A and 5B, the optical path length of 
the light beam R-fi extending from the point P1 
to the point P3 corresponds to Li, and the optical 
path length of the light beam R 0 -<. extending from 
the point P2 to the point P3 corresponds to L2. 

When the third diffraction grating G3 suffers 
the rotation angle <>. the interference two light 
beams are separated in the grating arrangement 
direction of the third diffraction grating G3, and 
appear to cross each other at a very far point when 
they are viewed in a direction opposite to the 
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direction of the third diffraction grating G3 from the 
sensor surface 3. If P = 1.6 um-and X = 0.78 urn, 
the crossing point C between the interference two 
light beams is as shown in Figs. 12B and 13B. 

5 In order to stabilize the interference state be- 

tween the two light beams, the two beams are 
condensed in the vicinity of the second diffraction 
grating G2 in the grating line direction of the first 
diffraction grating G1 (this condensing position is 

w set to match the crossing point C in Fig. 4; that is. 
the position of L3 = (L1 + L2)/2). and are col- 
limated beams (plane waves) or spherical waves 
with a very large radius of curvature (divergent light 
from the light-emitting element in this case) in the 

15 grating arrangement direction of the first diffraction 
grating G1. 

As can be seen from Figs. 11A and 11B, even 
when the rotation angle 4> is given to the second 
diffraction grating G2, the angle difference 6 be- 

20 tween the interference two light beams does not 
become so large, but the two light beams are 
separated from each other. For this reason, when 
the two light beams are spherical waves with a 
small radius of curvature in this direction, interfer- 

25 ence fringes tend to form, and the interference 
state is not stable. However, if the two light beams 
are plane waves or spherical waves with a very 
large radius of curvature (spherical waves with a 
very large radius of curvature which can be re- 

30 garded as plane waves), the angle difference 6 
between the two light beams does not become so 
large, interference fringes do not easily form, and 
the interference state is stabilized. 

Therefore, when the two light beams have a 

35 wave surface state with a large radius of curvature, 
at which the wave surface can be substantially 
regarded as a plane, or have a radius of curvature 
approximate thereto, in the grating arrangement 
direction of the first diffraction grating G1, the inter- 

40 ference fringes do not easily form, and the interfer- 
ence state is stabilized. 

As for the grating line direction of the first 
diffraction grating G1, as can be seen from Figs. 
12A and 12B, in a region of X/P < 0.8, the crossing 

45 point C between the two light beams is almost 
constant regardless of the azimuth angle How- 
ever, as can be seen from Figs. 10A and 10B, the 
angle difference 6 between the interference two 
light beams increases in proportion to the azimuth 

50 angle rj. 

As can be understood from the above descrip- 
tion, when the condensing direction the light beam 
emitted from the light-emitting element 1 is set to 
be the grating line direction of the first diffraction 

55 grating G1, and the condensing position is set in 
the same region as the crossing point C between 
the interference light beams, the wave surfaces of 
the two light beams overlap each other even when 

5 
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the angle difference 6 between the two light beams 
is large, and the optical path lengths L1 and L2 
become always constant irrespective of the azi- 
muth angle j>. For this reason, the interference 
fringes do not easily form, and the interference 5 
state is stabilized. 

In this embodiment, since unnecessary diffract- 
ed light is generated on the side of the position of 
the light-emitting element 1 of the sensor 3, an 
arrangement for shielding stray light can be easily w 
adopted. 

In this embodiment, for the above-mentioned 
reasons, since the two light beams are set to be 
divergent light from the light source in the grating 
arrangement direction of the first diffraction grating 75 
G1. the radius of curvature of each of the light 
beams is set as large as possible, and the light 
beams are set to be convergent light in the grating 
line direction, an encoder whose output is insensi- 
tive to the rotation angle and the azimuth angle, 20 
and which is easy to handle can be realized. 

In the first embodiment, the entire interference 
optical system is very simple, and since the head 
unit is constituted by only the light-emitting ele- 
ment 1, the light-receiving element 3, the cylin- 25 
drical lens 4, the first diffraction grating G1, and the 
third diffraction grating G3, its structure is simple 
and has a small number of components, thus allow- 
ing easy assembling. Furthermore, as shown in 
Fig. 4 and Figs. 5A and 5B, since the first and third 30 
diffraction gratings G1 and G3 and the cylindrical 
lens 4 are formed on a single board, the number of 
components can be further reduced, thereby realiz- 
ing a low-cost, very compact structure. 

Since the emitted light beam is condensed in 35 
the grating line direction of the first diffraction grat- 
ing G1. and is set to be divergent light (a spherical 
wave with a very large radius of curvature) from the 
light-emitting element 1 in the grating arrangement 
direction, an optical system whose interference 40 
state depends on the angle error between the scale 
G2 and the head unit can be realized, and a 
compact encoder which is easy to handle can be 
provided. 

Furthermore, since light beams, in the direction 45 
of 1st-order diffraction, of those perpendicularly 
incident on the third diffraction grating G3 for syn- 
thesizing the interference two light beams are uti- 
lized, signal light (interference two light beams) can 
be easily isolated from other unnecessary diffract- 50 
ed light components which are transmission-dif- 
fracted by the third diffraction grating G3 for syn- 
thesizing the interference two light beams. 

Since the light-emitting element 1 and the sen- 
sor 3 can be easily spatially separated, and an 55 
arrangement for shielding unnecessary light, which 
is emitted from the light-emitting element 1 and 
reaches the sensor 3. can be easily adopted, an 
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encoder, which can obtain a noise-less signal with 
a high S/N ratio, can be easily realized. 

Fig. 14 is a perspective view showing the sec- 
ond embodiment in which the present invention is 
applied to an optical displacement sensor, and 
Figs. 15A and 15B are respectively a plan view and 
a side view showing the optical paths of the sensor. 
The same reference numerals in Fig. 14 and Figs. 
15A and 15B denote the same parts as in Fig. 4 
and Figs. 5A and 5B. 

A toric lens 4 condenses a divergent light 
beam emitted by the light-emitting element 1 . 

The principle and basic arrangement of the 
optical system are the same as those in the first 
embodiment. The wave surface state of a light 
emitted by the light-emitting element 1 is adjusted 
to be a cylindrical surface shape by the single 
optical element 4. Thus, the light beam can be 
convergent light in the grating line direction, and 
collimated light in the grating arrangement direc- 
tion. 

In addition to the effect of the first embodi- 
ment, the second embodiment can provide the 
following effect. More specifically, since the wave 
surface state of a light beam emitted by the light- 
emitting element 1 is adjusted to be a cylindrical 
surface shape by a single lens, a compact, low- 
cost encoder which has a simple structure and is 
easy to assemble can be realized. 

Since the light-emitting element 1 and the light- 
receiving element 3 are spatially separated, stray 
light from the light-emitting element 1 can be easily 
shielded, and a noise-less signal with a high S/N 
ratio can be obtained. 

In each of the above embodiments, a Fresnel 
tens may be used as the optical element. 

Figs. 16A and 16B are respectively a plan view 
and a side view showing the third embodiment in 
which the present invention is applied to an optical 
displacement sensor. The same reference numer- 
als in Figs. 16A and 16B denote the same parts as 
in Figs. 5A and 5B. In Figs. 16A and 16B, a 
collimator lens 5 collimates a light beam emitted 
by the light-emitting element to substantially col- 
limated light, and a cylindrical lens 4 condenses 
the light beam in the grating line direction. 

The principle and basic arrangement of the 
optical system are the same as those in the sec- 
ond embodiment. A light beam emitted by the 
light-emitting element 1 is incident on the diffrac- 
tion grating G1 at an arbitrary angle d which is 
equal to neither a right angle nor the diffraction 
angle of nth-order diffracted light. 

In addition to the effects of the first and second 
embodiments, the third embodiment can provide 
the following effect. Since a light beam emitted by 
the light-emitting element 1 is incident on the dif- 
fraction grating at an arbitrary angle 8 other than a 
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right angle, the light source 1 and the light-receiv- 
ing element 3 can be separated from each other to 
eliminate the influence of light other than interfer- 
ence light emitted by the light source, and the 
distance between the scale and head can be short- 
ened, thus realizing a further compact, low-profile 
structure. Furthermore, since the diffraction grating 
G3 for mixing tight beams and the light-receiving 
element 3 are arranged to be shifted from each 
other, the influence of diffracted light other than 
diffracted light to be used, which emerges from the 
grating G3 can be eliminated, and a signal with a 
high S/N ratio can be obtained. 

Figs. 17A and 17B are respectively a plan view 
and a side view showing the fourth embodiment in 
which the present invention is applied to an optical 
displacement measurement device. The same ref- 
erence numerals in Figs. 1 7 A and 17B denote the 
same parts as in the above embodiments. 

In this embodiment, a toric lens 4 condenses a 
divergent light beam emitted by the light-emitting 
element in the grating line direction of the diffrac- 
tion grating G1. and adjusts it to be substantially 
collimated light in the grating arrangement direc- 
tion. A light shielding wall 5 shields unnecessary 
light from the light source. Note that the moving 
direction of the scale is represented by 6. 

The principle and basic arrangement of the 
optical system are the same as those in the first 
embodiment. In this embodiment, a light beam 
from the light source is perpendicularly incident on 
the diffraction grating G1. 

In addition to the effects of the first to third 
embodiments, this embodiment can provide the 
following effects. 

1) As a light beam to be incident on the light- 
receiving element, not a light beam which is 
mixed by the diffraction grating G3 and per- 
pendicularly emerges therefrom, but only a light 
beam which is diffracted in a direction opposite 
to the light source is utilized. For this reason, 
other diffracted light components generated by 
the diffraction grating G3 can be prevented from 
becoming incident on the light-receiving ele- 
ment, and a noise-less signal with a high S/N 
ratio can be output. 

2) Since the light source is arranged perpen- 
dicularly to the diffraction grating G1, a com- 
pact, low-cost encoder which is easy to assem- 
ble can be realized. 

Figs. 18A and 18B are respectively a plan view 
and a side view showing the fifth embodiment in 
which the present invention is applied to an optical 
displacement measurement device. The same ref- 
erence numerals in Figs. 18A and 18B denote the 
same parts as in the above embodiments. 

The principle of the optical system will be 
described below. 



A light beam emitted by the light-emitting ele- 
ment 1 is incident on the tone lens 4, and is 
converted into a light beam which becomes col- 
limated light in the grating arrangement direction 

5 and becomes convergent light in the grating line 
direction. The converted light beam is incident on 
the diffraction grating G1. The light beam incident 
on the diffraction grating G1 is split into two light 
beams, i.e.. an nth-order diffracted light beam 

70 which is perpendicularly output from the grating 
surface, and an mth-order diffracted light beam (n 
< m) which has the same exit angle as the diffrac- 
tion angle generated when perpendicular light is 
incident on the lines of the diffraction gratings G2 

15 and G3 (the shape (pitch, duty, and the like) of the 
lines of the diffraction grating G1 is determined so 
that the light beam with such a diffraction angle has 
a higher intensity), and these light beams are in- 
cident on the diffraction grating G2. 

20 The other principle and basic arrangement are 

the same as those in the first embodiment. 

In the arrangement of this embodiment, as 
described above, the incident optical path to the 
diffraction grating G1 and the light-receiving optical 

25 path from the diffraction grating G3 to the light- 
receiving element 3 cross each other, and the light- 
shielding wall 5 is arranged not to shield these 
optical paths. 

In addition to the effects of the first to third 

30 embodiments, the fifth embodiment can provide 
the following effect. 

The light-receiving element and the light-emit- 
ting element can be arranged to be separated by a 
smaller distance than in the above embodiments, 

35 and a compact encoder which is easy to assemble 
and can output a noise-less signal with a high S/N 
ratio can be realized. 

In each of the above embodiments, a Fresnel 
lens, hologram element, or the like may be used as 

40 the optical element. 

In the first embodiment, the light-receiving op- 
tical path from the diffraction grating G3 to the 
light-receiving element 3 may extend perpendicu- 
larly to the diffraction grating G3. This arrangement 

45 is also effective to realize a compact structure. 

According to each of the above-mentioned em- 
bodiments, when the respective elements are set 
as described above, an optical displacement sen- 
sor, which can easily shield unnecessary light 

50 which is emitted by the light-emitting element and 
reaches the sensor, can obtain a noise-less signal 
with a high S/N ratio, can obtain displacement 
information with high precision, and can be ren- 
dered compact, can be realized. 

55 A device for measuring relative displacement 

information of an object is disclosed. The device is 
provided with an illumination system for forming an 
illumination light beam, a light beam splitting ele- 
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ment for splitting the illumination light beam from 
the illumination system and arranged at a position 
opposite to the object, a light beam mixing element 
for mixing reflected and diffracted light beams by 
the object of light beams split by the light beam 5 
splitting element and arranged at a position op- 
posite to the object in the vicinity of the light beam 
splitting element, and a light-receiving element for 
receiving a light beam mixed by the light beam 
mixing element, relative displacement information w 
of the object being detected based on the light 
received by the light-receiving element. 

The illumination system is arranged to irradiate 
the light beam onto the light beam splitting element 
at an angle not perpendicular to the light beam 75 
splitting element, and/or said light-receiving ele- 
ment is arranged to receive the light beam from an 
angle not perpendicular to the light beam mixing 
element. 

20 

Claims 

1. A device for measuring relative displacement 
information of an object, comprising: 

an illumination system for forming an illu- 25 
mination light beam; a light beam splitting ele- 
ment for splitting the illumination light beam 
from said illumination system, said light beam 
splitting element being arranged at a position 
opposite to the object; a light beam mixing 30 
element for mixing reflected and diffracted 
light beams by the object of light beams split 
by said light beam splitting element, said light 
beam mixing element being arranged at a po- 
sition opposite to the object in the vicinity of 35 
said light beam splitting element; and a light- 
receiving element for receiving a light beam 
mixed by said light beam mixing element, rela- 
tive displacement information of the object be- 
ing detected based on the light received by 40 
said light-receiving element. 

characterized in that said illumination sys- 
tem is arranged to irradiate the light beam onto 
said light beam splitting element at an angle 
not perpendicular to said light beam splitting 45 
element, and/or said light-receiving element is 
arranged to receive the light beam from an 
angle not perpendicular to said light beam 
mixing element. 

50 

2. A device according to claim 1 , characterized in 
that said light beam splitting element and said 
light beam mixing element comprise diffraction 
gratings. 

55 

3. A device according to claim 1 . characterized in 
that said light beam splitting element and said 
light beam mixing element are arranged on a 



single board. 

4. A device according to claim 1, characterized 
by further comprising: 

an optical element for shaping the light 
beams split by said light beam splitting ele- 
ment, so that the light beams diverge in a 
splitting direction and converge in a direction 
perpendicular to the splitting direction. 

5. A device according to claim 4, characterized in 
that said optical element comprises a cylin- 
drical lens arranged on a light beam incidence 
side of said light beam splitting element. 

6. A device according to claim 1, characterized 
by further comprising: 

an optical element for shaping the light 
beams split by said light beam splitting ele- 
ment, so that the light beams are collimated in 
a splitting direction and are condensed in a 
direction perpendicular to the splitting direc- 
tion. 

7. A device according to claim 6. characterized in 
that said optical element comprises a toric lens 
arranged on a light beam incidence side of 
said light beam splitting element. 

8. A device according to claim 6, characterized in 
that said optical element comprises an optical 
unit which is arranged on a light beam in- 
cidence side of said light beam splitting ele- 
ment and is constituted by a cylindrical lens 
and a collimator lens. 

9. A device according to claim 1 . characterized in 
that said illumination system is arranged to 
perpendicularly irradiate the light beam onto 
said light beam splitting element, and said 
light-receiving element is arranged to receive 
the light beam from an angle not perpendicular 
to said light beam synthesizing element. 

10. A device according to claim 1, characterized in 
that an illumination optical path of said illu- 
mination system and a light-receiving optical 
path of said light-receiving element cross each 
other. 
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